Introduction
============

Contact sensitization due to nickel is common and about 15% population globally is believed to have allergic contact dermatitis (ACD) due nickel.[@R1] Inflammation associated with nickel induced ACD is driven by delayed type hypersensitivity reaction mediated by T cell responses.[@R2] Experimental studies have shown that nickel ions serving as haptens are processed and transported to the draining lymph nodes by dendritic cells where these are presented to T lymphocytes eventually leading to priming of T lymphocytes.[@R3] Persistent exposure to nickel results in activation and proliferation of the primed T cells in situ[@R4] generating a complex inflammatory milieu clinically manifesting as ACD.[@R5] Evidence suggests that CD8^+^ cells perform as effector cells whereas CD4^+^ are endowed with down-regulatory functions[@R6] by limiting the development of effector CD8^+^ cells in ACD.[@R7] Massive infiltration of IL-17, IL-22 and interferon gamma (IFN-g) producing CD4^+^ cells at the site of nickel challenged skin indicates important role of CD4^+^ T cells as effector cells in ACD[@R8] most likely by CD69 mediated regulation of Th17 cells.[@R9]

CD69 is an early cell activation marker expressed on stimulated cells and is a reliable predictor of cell proliferation. [@R10] Monocytes, platelets and Langerhans cells normally express CD39 whereas the resting lymphocytes in the peripheral blood do not express this molecule.[@R11]--[@R13] CD69 is rapidly induced on human T and B lymphocytes, natural killer cells, neutrophils and eosinophils following activation.[@R11],[@R12],[@R14] More over type 1 interferons have been shown to up-regulate the expression of CD69.[@R15] Following in vitro stimulation CD69 can be detected on the surface of lymphocytes after two hours, peaks between 18 to 24 hours and gradually decreases after 24 hours.[@R16] Rapid induction of CD69 is due to the presence of this molecule in the cytoplasm and does not require RNA or protein synthesis.[@R14] It is primarily due to this property that CD69 is widely used as an early marker for cell activation. This in vitro study was performed to assess the expression of CD69 on T cell sub-sets following exposure to nickel among patients with nickel induced ACD.

Methods
=======

Study population
----------------

This study was performed at King Khalid University Hospital between January 2012 and June 2014 among patients with clinical suspicion of ACD. Out of the 55 patients testing positive to nickel as single allergen 35 consented to participate in the study. This group of patients included 29 female and 6 males (mean age 36+9 years). All patients were suffering from clinically active disease and among them 23 had lesions on hands, 7 on feet and 5 had lesions on ears. A control group comprising of twenty otherwise normal individuals with negative patch test reactivity was also included in the study. This group of healthy individuals included 14 females and 6 males with the mean age of 29±7 years. Patients with either negative patch test reactivity or reacting to allergens other than nickel or with positive reactions against nickel along with other allergens were not included in the study. None of the patients were receiving oral corticosteroids at the time of sample collection or at least one month prior to inclusion in the study. Patients with chronic inflammatory disorders or with the history of transient viral or bacterial infection one month before were also excluded from the study. This study was approved by institutional review board.

Patch test
----------

Patch test was performed using TRUE Test (Mekos Laboratories AS, Denmark) comprising of a panel of 24 allergens/allergen mixes. The test panels of 12 allergens each were applied on the upper back of the patient on the healthy skin free of acne, scars, dermatitis or any other skin condition that might interfere with the interpretation of the results. Patients were instructed to wear the patches for 48 hours, avoid strenuous exercise and contact with water. Interpretation of the results was performed initially after 48 hours followed by a second evaluation 72--96 hours after the application. Patients were instructed to report back to the clinic in case of delayed reactions. The interpretation of the results was performed by Allergologist in accordance with the recommendations of the International Contact Dermatitis Research Group and the North American Contact Dermatitis Group. The intensity of the skin reactivity was graded as +, ++ and +++.

Nickel sulfate challenge assay
------------------------------

After obtaining the informed consent of each patient and control 5ml of venous blood was withdrawn from anticubital fossa in a vacutainer containing anti-coagulant. Assessment of CD69 expression was performed at the time of sample collection as the baseline CD69 expression and after nickel sulfate challenge. The optimal concentration of nickel sulfate was determined by checker board titration assay. Prior experiments had demonstrated that the whole blood incubation with nickel sulfate at a concentration of 100 µM/ml for 24 hours was adequate for maximum expression of CD69 marker. To a 200 ml aliquot of heparinized whole blood in 5ml test tube both from the patients and controls equal volume of nickel sulfate at a concentration of 100 µM/ml was added. For the negative control tube 200 µl of 10% RPMI-1640 was dispensed in 200 ml of heparinized whole blood. The cultures were incubated in 5% CO~2~ at 37°C and 95% humidity for 24 hours in CO~2~ incubator (Thermo Scientific, Heraeus, HERA cell 150). After the incubation the cells were labeled with relevant monoclonal antibodies for flow cytometry.

Cell labeling and flowcytometry
-------------------------------

To the contents of each 5ml test tube a cocktail of antibodies comprising of 20 µl of each fluorochromes conjugated mouse anti-human CD69, anti-CD4, anti-CD8 and anti-CD3 monoclonal antibody (Becton Dickinson Immunocytometry system, San Joes Calif) was added. Each tube was vortexed gently and incubated for 15 minutes in dark at room temperature. After the incubation 2ml of 1xFACS lysing solution (B.D Biosciences, San Jose, CA 59131 USA) was dispensed into each tube and incubated for 10 minutes in dark at room temperature. After the incubation 2 ml of wash buffer was added (Optimized PBS for cell preparation and cell washing B.D Biosciences, Cat No. 349524) and each tube was centrifuged at 500 x g for 5 minutes at room temperature. The supernatant was decanted and the cell pallet was finally re-suspended in 500 µl of 1% paraformaldehyde (B.D Biosciences pharmingen 10975 Torreyana Rd. San Diego, CA 92121 ) in calcium and magnesium free PBS (Dulbecco\'s Phosphate-Buffered Saline PAA Laboratories GmbH PAAStrasse 1 Austria) prior to flow cytometric analysis. Flow cytometry was performed using FACSCalibur (Becton Dickinson, San Jose, CA, USA). BD CaliBRITE beads were used for setting photomultiplier tube voltages, fluorescence compensation and for checking instrument sensitivity for lymphocyte surface markers. In acquisition mode a total of 10000 events were acquired and the analysis was performed using Cell Quest software (Becton Dickinson). The negative thresholds were set using isotype-control-labeled cells from both patients and normal controls. Data were collected as percentage of each cell type expressing the relevant marker.

Statistical analysis
--------------------

Data analysis was performed using Statistical Package For Social Sciences (SPSS) version 20 computer software. Categorical data were summarized as number and percentages and numeric data were summarized as mean and standard deviation. Comparison between the groups was performed using t test and a p\<0.05 was considered statistically significant.

Results
=======

[Figure 1](#F1){ref-type="fig"} shows comparison of the baseline expression of CD69 on CD4^+^ T lymphocytes and CD8^+^ T lymphocytes among the patients with ACD and the control group. The mean percentage of CD4^+^ T lymphocytes expressing CD69 molecule among the control group was 2.3±0.8% and among the patients was 3.2±0.9%. Similarly the mean percentages of CD69 expressing CD8^+^ T lymphocytes among the controls and patients were 2.8±1.1% and 4.1±1.3% respectively.
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Whereas the percentages of CD69/CD4^+^ were no different between the patients and the controls the proportion of CD69/CD8^+^ among ACD patients were significantly higher than the controls (p\<0.009). Nickel challenge among 24 controls failed to induce CD69 on CD4^+^ and CD8^+^ T lymphocytes ([Fig. 2](#F2){ref-type="fig"}).

![CD69 expression on CD4^+^ and CD8^+^ T lymphocyte subsets of controls following 24 hour incubation with either RPMI or nickel sulfate (100 µµ/ml).](AFHS1901-1460Fig2){#F2}

Nickel challenge for 24 hours however was associated with significant up-regulation of CD69 expression on both CD4^+^ and CD8^+^ T lymphocytes. [Figure 3](#F3){ref-type="fig"} shows data for nickel induced CD69 expression on both the T cell sub-sets. After 24 hours of incubation of whole blood from patients with positive patch test for nickel the percentage of CD69/CD4^+^ cells (22.1±6.2%) was significantly higher (p\<0.0001) than the controls (2.8±2.5%). Similarly the percentage of CD69/CD8^+^ T lymphocyte following 24 hours incubation with nickel sulfate (18.2±5.3%) was significantly higher (p\<0.0006) than the controls (1.9±1.8%).
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Discussion
==========

Base line expression of CD69 on CD8^+^ T lymphocytes was higher in patch test positive patients with ACD. Enhanced expression of CD69 on a variety of cells has been associated with allergic disorders. Increased number of CD69^+^ eosinophils has been reported in the bronchoalveolar lavage fluid of patients with allergic asthma following segmental allergen provocation.[@R17] Presence of higher proportion of circulating CD69^+^ eosinophils among infants with atopic dermatitis has not only been linked with high levels of total IgE but has also been associated with active allergic inflammation.[@R18] Elevated numbers of CD69^+^ lymphocytes found in the sputa of patients with asthma are believed to be due to enhanced antigenic challenge.[@R19] Similarly exposure of peripheral blood mononuclear cells to allergens has been shown to increase the surface expression of CD69 on natural killer cells.[@R20] Induction of CD69 expression on a wide variety of hematopoietic cells as a result of allergenic stimulation could possibly be a function of allergen specific clones releasing high levels of IFN-g particularly in nickel allergy.[@R21] Collectively these data suggest that increased expression of CD69 in allergic disorders may serve as marker of disease activity.

Nickel was able to induce CD69 molecule on both CD4^+^ and CD8^+^ T cells after 24 hours in the present study. An study investigating the effect of monosodium urateontrinitrochlorobenzene-induced contact hypersensitivity responses in mice has revealed increased expression of CD69 on both CD4^+^ and CD8^+^ T lymphocytes indicating activation of both cell types.[@R22] Interaction between activated T cell subsets particularly in contact dermatitis appears to be complex. Hapten-stimulated CD8^+^ effector cells mainly produce IFN-g promoting an inflammatory milieu whereas CD4^+^ lymphocytes on the other hand exert a negative regulatory effect by producing IL-4, IL-5 and IL-10.[@R23] Because of the cytokine profile it may be inferred that ACD is CD8^+^ lymphocyte induced disorder regulated by CD4+ lymphocytes. However in some mouse models CD4^+^ lymphocytes have also been shown to behave as effector cells.[@R24] A recent study has demonstrated nickel dependent IL-9 release from the peripheral blood mononuclear cells of nickel sensitized individuals. IL-9 by promoting IL-4 production may also perform a regulating cytokine in nickel induced dermatitis.[@R25] In addition naïve CD4 T lymphocytes from CD69 deficient animals fail to differentiate in Foxp3^+^ and induction of CD69 promotes generation of Foxp3^+^ regulatory cell population.[@R26] The pathogenesis of contact dermatitis in general and nickel induced ACD in particular remains obscure and could possibly be a mixed Th1/Th2 response.

The ability of nickel sulfate to consistently induce CD69 on CD4^+^ and CD8^+^ T lymphocytes offers a useful opportunity for development of in vitro test for detection of nickel sensitization as an alternate test for in vivo, cumbersome and time consuming patch test. In addition the existence of a strong correlation between the induction of CD69 and cell proliferation[@R10] may obviate the need for using potentially hazardous radioactive materials in lymphoproliferation assays. Moreover flowcytomeric assessment of CD69 up-regulation on CD4^+^ T lymphocytes in vitro has been successfully applied in detection of sensitization due to *Mycobacterim* TB antigen.[@R27] Metal ions released from orthopedic implants have been shown to induce CD69 molecule and activate CD3^+^ lymphocytes that can be detected by flow cytometry with a relative ease.[@R28] In vitro stimulation of CD4^+^ T lymphocytes with drugs and induction of CD69 surface expression has been successfully evaluated in discriminating individuals with drug allergy from those with no drug allergy.[@R29] As opposed to other metals nickel sulfate has non-specific stimulatory properties that may interfere with in vitro testing for nickel sensitization.[@R30] The inherent stimulatory properties of nickel probably did not interfere with the results in the present study as the expression of CD69 on control cells whether challenged with nickel sulfate or RPIM was no different. Development of in vitro testing for nickel and other contact allergens based on induction of CD69 may be a useful in avoiding intense local inflammatory reactions often associated with patch test. The observations of the present study require validation in immune-compromised individuals particularly HIV infected patients where anergic delayed type hypersensitivity skin reactions are frequently observed that tend to normalize following successful anti-retroviral treatment.[@R31]

Conclusion
==========

Peripheral blood cells from patients with ACD sensitized against nickel responded to in vitro nickel challenge by enhanced expression of CD69 activation marker. Although antigenic stimulation and cytokine release may have induced CD69 on T cell sub-sets the possibility of CD69 up-regulation on nickel specific T cell clones could not be excluded. Sensitization due to nickel is common and development of in vitro test based on nickel induced CD69 up-regulation may be a useful alternative to the gold standard patch test.
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